Intercity buses travel about 250 
INTRODUCTION
Buses are major means for mass commuting in India, despite having the longest rail route in the world. Government owned and private owned companies operate lakhs of busses everyday through their intercity bus fleet providing mobility to the people at reasonable cost. Indian road conditions are significantly improved for the past 10 years and intercity bus travel time is reduced as they can travel with high speeds. Rising fuel prices and stringent government regulations force the vehicle manufactures and operators to produce and operate fuel efficient buses.
The power generated in the engine is mainly used to overcome the rolling resistance, aerodynamic drag and climbing resistance. Out of these three components, aerodynamic drag amounts for more than three-fourth of the total engine power while cruising at high speeds [1] [2] [3] , since the drag increases as square of the speed. Hence, reduction of aerodynamic drag is of prime importance to keep the fuel consumption at minimum to survive in the competitive tours & travels market. On the other hand, exterior styling and passenger comfort in the sleeper coach also influence the tour operators profit. Many a time, aerodynamic design is compromised for better styling of exterior for attracting the passengers through lucrative exterior.
Styling and Aerodynamics
Drag force on the moving vehicle is given by, As seen from equation (1) , drag force acting on the vehicle also depends on frontal projected area and the coefficient of drag value of the vehicle. Any reduction in these values will directly reduce drag force experienced by the vehicle. Frontal projected area of the intercity bus is decided by the interior packaging of the bus. Coefficient of drag value is determined by the shape of the vehicle. These two factors also have impact on the exterior styling of the vehicle. Exterior styling of the vehicle is important due to the fact that the vehicle has to attract customers. The vehicle should project its performance and comfort capabilities through its exterior design. Finding harmony with the aerodynamic requirements and customer oriented styling will lead to a successful vehicle with low fuel consumption.
The present study and research work was aimed to deliver an aerodynamically improved bus design with user oriented exterior styling and interior comfort. In this work, a popular intercity bus was evaluated for its aerodynamic performance and passengers' aspirations towards exterior styling and interior comfort. Guidelines for improving the aerodynamics of vehicles as reported in the literature have been taken into consideration and the exterior is redesigned towards reduced aerodynamic resistance. The aerodynamic performance of benchmarked vehicle and the redesigned vehicle were tested through computational fluid dynamics using FLUENT software. Simultaneous design improvements towards aesthetical outlook and comfort in the interiors have been bought out. The redesigned exterior and interior were evaluated through passengers' feedback
Literature Study
Numerous research works have been reported in the literature on the aerodynamics of road vehicles. However, limited work is published with respect to the aerodynamics of heavy vehicles when compared to those related to study of aerodynamics of passenger cars. Saltzman and Meyer [4] in their experimental studies on reduction of drag of trucks and busses showed that by tuning the exterior with rounded horizontal and vertical corners, smoothed under body and a boat tail, the coefficient of drag could be reduced to 0.242. Ludovico Consano and Davide Lucarelli [5] at IVECO truck building company came up with an aerodynamically efficient truck. A higher and smoother roof was designed with DAM fully integrated into the frontal bumper. The lateral lowered side skirts were added to mask the tanks, rear wheels and axles. To prevent flow detachment, many rounded surfaces were added to the exposed surfaces, such as the roof window, side mirrors, sun visor, etc. The test results revealed a fuel reduction of 8%. Callen et al [6] in their experiments found out removal of rear view mirror alone would bring down the drag of the vehicle by 4.5%. This study reiterated that gap in the vehicle body would result in flow separation and flow circulation. Studies by Gilhaus [7] concentrated on fine tuning the front leading edge radii. An optimum front edge radius of 150 mm was reported in this study, and a further increase in the radius was found to have the least influence on the coefficient of drag of the bus.
Carr [8] investigated the effects of streamlining the front end of the rectangular bodies in ground proximity. Experiments shown a stream lined front end with low leading edge resulted in a drag coefficient of 0.21. Huco and Emmelmann [9] found that detailed shape optimisation of parts such as roof radii, rain channels, headlights also would result in considerable reduction of drag force. Mason and Beebe [10] carried out experiments on the use of add-on devices on trucks and busses. These investigators investigated the effect of use of horizontal and vertical splitter panels extending from vehicle body at the rear end, vanes and non ventilated cavities close to vehicle bodies. Splitter panels were shown to have no affect on the drag value whereas the vane arrangement increased the drag. The addition of non ventilated cavities reduced the drag coefficient by 5%.
The studies on aerodynamic tuning of the exterior of bus and truck bodies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and the numerical studies reported in the literature on the aerodynamic studies [11] [12] [13] were found to be useful in deriving useful tips for the present investigation. The report on urban transport crisis in India [14] motivated this study and the new design of the bus was based on AIS-052 code for bus body design and approval [15] .
PRODUCT SURVEY
Intercity buses are listed under type 3 and 4 in AIS-052 code of practice for bus body design and approval [15] . These are designed and constructed for long distance passenger transport with seats and/or sleeper coaches, exclusively designed for comfort of passengers. Type 4 buses are special purpose sleeper coach buses which are getting popularized. Intercity buses are classified according to the occupancy level as medium capacity buses with a capacity of 35 to 50 passengers. Intercity buses are again classified according to the comfort level as non deluxe bus (NDX), semi deluxe bus (SDX), deluxe bus (DLX) and A/C deluxe bus (ACX). Non Deluxe Bus is designed for basic minimum comfort level. Semi Deluxe Bus is designed for a slightly higher comfort level and with provision for ergonomically designed seats. Deluxe Bus is designed for a high comfort level and individual seats and adjustable seat backs, improved ventilation and pleasing interiors. A/C Deluxe Bus is Deluxe Bus which is air conditioned. The present intercity buses operate in India are deluxe and A/C deluxe class type of busses. The main parts which defines the exterior styling of an intercity bus are the windshield, front bumper, headlights, indicators, wipers, side windows, passenger doors, driver door, luggage space, engine space, back windshield, number plate, brake light, back indicator, back bumper and radiator grill. Interior of the bus consists of driver's cabin and passenger compartment. The driver's cabin consists of seating for the driver, his assistant, dash board and steering. The passenger compartment consists of rows of seats or beds according to the type of bus. All the intercity buses are high floor buses with a floor height of 1200 mm from the road. Luggage space is provided under the floor with opening from both the side of the bus. Four steps are provided for boarding the bus. In most of the present bus design the passenger door is located at the front side corner of the bus. Volume 
Bus Aerodynamics
As discussed earlier, the reduction of coefficient of drag through proper tuning of the exterior and reducing the frontal projected area are two viable options for reducing the aerodynamic drag of road vehicles.
It is found in the product study that a large number of low floor buses were operating in the urban areas for transporting people. These buses are having a low deck with a height of 350 mm or less compared to the 1200 mm of high floor buses as shown in Fig 1. Low floor buses are having kneeling mechanisms which can further reduce the overall height. These buses are having interior height of more than 1800 mm over 60 % of its inner space. By incorporating the low floor bus chassis in intercity bus design, bus height can be lowered thereby the frontal projected area. A low floor intercity bus design will have low projected area which in terms results in reduction in drag force. Interaction with the bus manufacturers revealed that the coach manufactures were hesitating to use a low floor chassis due to the following reasons listed below. A low floor bus design which overcomes the below listed difficulties will reduce the bus height from 3400 mm to 2600 mm.
• Luggage space reduction • Large wheel arches reduces the number of seats • Divides the floor area in to two decks • Less space for fuel tanks leads to low capacity • Difficult to reach the engine compartment for repairs • Better passenger comfort with high chassis bus • Psychologically people like to sit at high floor than the low floor area
USER STUDY -GEMBA STUDY
User study was conducted to select the target customer group, understand user frustrations and aspirations. A survey was conducted among the users. Users wanted a comfortable speedy commute which is reasonably priced and has good looks. It was found that intercity bus users consist of mainly professionals working in other cities (45%) and students (34%). Business trips contribute to 16% of the seat occupancy. 93% people prefer to travel in night compared to 7% day travelers. 72% of passengers prefer to sleep while only 26% people like do other activities. If money is not a constrain, 82% people like to travel in sleeper coaches and rest preferred AC deluxe buses. Most of the people adopted bus travel over train due to the easy availability and comfort of the bus. Safety, speed and flexible pick up and drop points also influenced their decision. Maximum seat occupancy was observed on Fridays, Saturdays and Sundays. Occupancy levels of sleeper coaches and AC deluxe coaches were high compared to deluxe and semi deluxe coaches for buses staring from Bangalore. People preferred to occupy the front rows seats than the rear. More than 80% of private intercity buses are operating at night.
It was evident from the study that the majority of intercity bus users were under the age group of 18 to 35 and consists of middle class professionals and students. It was also found that people prefer sleeper coaches over semi sleeper (reclining seat) coaches. The target customer group was finalized as 18 to 35 and the coach arrangement was selected as sleeper coach. The major user frustrations gathered from the user survey are listed below • Old aged and disabled persons find it difficult to board the bus due to higher step height.
• Difficult to sleep in the present adjustable seats due to limited body movement in the available space.
• Results in body and neck pain after a long travel.
• Street light and passing vehicles' light rays entering through the windows into the cabin often disturb the sleep.
• Less leg room in semi deluxe and deluxe buses.
• Lack of toilets within the busses resulting in journey brakes and user discomfort.
• Platforms at the bus stations are not able to reduce the boarding height due to current door position.
Fig. 1 Types of bus chassis
A Quality Function Deployment (QFD) matrix was prepared by converting the user frustrations and aspirations in to technical voices (see Fig. 2 ). QFD indicated the areas of importance to achieve maximum user satisfaction. Low floor, kneeling mechanism, sleeper coach, door position and aerodynamic shape attracted higher points as shown in QFD matrix .
A low floor bus design will eliminate the boarding problem of aged and disabled users. It is also favourable as the bus height can be reduced to improve the aerodynamics of the vehicle without reducing the interior space. A low floor sleeper coach eliminates the difficulty in sleeping which is evident in semi-delux bus due to reclining seat, arrested body movement, body pain and low leg room. Area below the bed arrangement inside the coach could be easily converted as luggage space and fuel tank. Incorporating electro sensitive side windows allows the users to adjust the opacity of their windows and will reduce the light disturbances from outside. A wash room with toilet system had to be incorporated inside the bus cabin. Positioning the door behind front wheel arches would reduce the boarding height to suit the bus stop platforms. 
BENCH MARKING AND BASELINE SIMULATION
An intercity bus was bench marked for the study. It is the latest model in the Indian market and is very popular in the segment. Engineering parameters of this model was kept as same for the new bus design and was selected as the baseline for studying the aerodynamic performances. This vehicle model was used to carry out CFD and aerodynamic parameters such as, flow separation and stagnation areas, pressure distribution around the body, C D , and contribution of various exterior parts on the overall drag coefficient of the vehicle. 
Geometry and Mesh Generation
Three dimensional model of the baseline model was created using Alias studio tools and CATIA as shown in Fig 3. Small details and gaps in the vehicle body were eliminated for the purpose of the analysis.
Fluid domain of 96 m x 12.75 m x 17 m was created around the bus model which was 10 times the length, 5 times the width and height of the vehicle. Bus model was placed inside this domain in such a way that 1/3 length was kept in front of the vehicle. The larger domain was kept at the rear to capture the essential flow features (Fig. 4) . A smaller domain was created inside this domain to generate fine mesh in and around the bus body. GAMBIT pre processor was the software tool used to generate the mesh. Outer volume was meshed with coarse elements. Unstructured tetrahedral hybrid elements of 21,47,716 were used to mesh the entire fluid domain. Boundary conditions (Fig. 4) were applied on the meshed model using the Gambit pre processor. The analysis was carried out with moving road and rotating wheel condition. In the simulation only straight wind condition was considered at 3 different vehicle speeds of 80, 100, 120 km/hr. Constant velocity inlet condition was applied at the inlet to replicate the constant wind velocity conditions same as wind tunnel tests. Zero gauge pressure was applied at the outlet with operating pressure as atmospheric pressure. All the boundary conditions used in the analysis are listed in table 2 
Boundary Conditions

Turbulence Modelling
The solver used for the analysis was FLUENT 6.3.26 and it uses a control-volume-method to solve the governing equations that can be solved numerically. The solver selected was the pressure based implicit solver. In this type the equations of continuity and momentum are solved sequentially. The flow is considered to be incompressible and steady in nature and the equations are solved using implicit iterative methods. The turbulence model selected was k-ε model which is well known for its robustness [11] [12] [13] . This model was selected because of its ability to converge to a moderately accurate result in comparatively less time. Pressure velocity coupling was used to calculate the pressure field. As the flow is considered as incompressible there is no independent equation to calculate pressure. Hence the pressure velocity coupling was used to derive the pressure equations. The algorithm used was the Semi Implicit Method for Pressure Linked Equations (SIMPLE).The method applied for the solution of the momentum, kinetic energy and the dissipation rate was the first order upwind method. 
Results and Discussion
Static pressure distribution plot (Fig. 5 ) of the bus body at speed of 100 kmph. The stagnation points on the front portion and mirrors are clearly seen in this plot. Rear wall of the bus experiences low pressure compared to the front due to the flow separation and circulation. This pressure difference leads to high pressure drag on the body. Fig. 6 and 7 show the path lines of flow around the bus body. The flow gets stagnated at the frontal area and gets accelerated at the front radius area. Flow separation was observed behind the mirrors. Flow remains attached along the sides and roof. Flow eventually gets separated at the rear and forms vortices. Another major flow separation area where vortices generation observed was at the rotating wheel region.
Frontal area of the bus experiences maximum pressure due to stagnation. A streamlined front end which allows better air flow will effectively improve the aerodynamic performance of the vehicle. Windshield angle, bonnet shape, rear view mirror and radius at the front corners were identified as areas to be improved in the new design for better aerodynamics. The rear low pressure region created by the flow separation must be brought to minimum for reducing the pressure drag acting on the body. Incorporating aerodynamic design features as reported in the literautre such as roof tapering, roof end lowering, boat tailing, and radius improvements will reduce the drag of bus. 
PRODUCT DESIGN SPECIFICATIONS
PDS defines all features that must be incorporated in an aerodynamically efficient, user friendly bus design. Final product design specifications were derived from all the studies and analysis done up to now.
CONCEPT GENERATION
Using the data collected from the user study the target customer selected was students and working professionals at the age of 18 to 35.To understand the different activities in their day to day life a lifestyle board was prepared. This age group people have lots of energy in them and are at the peaks of their life. It was observed that they lead an energetic, fast and fun loving life in this age period. They never want to waste any time in their life and were constantly on the move between college, office, friends and family. Most of them were obsessed with travelling, adventure trips, fast bike and cars. Most of them travel in the intercity bus to their vacation destination or to a busy business meeting. After the completing the journey in the bus most of them go to office or to their planned work just after a quick fresh up.
From the life style board a mood board was prepared which shows the different emotions and situation this age group goes through in their life. From the mood board the most suitable theme for the bus design was found to be adventure, fast and speed. This theme was also selected because it directly related with the aerodynamics. A theme board was prepared which was related to the adventure theme. The theme board includes objects and things directly related to speed and adventure. Aquatics in the nature exhibit dynamism and have good aerodynamic shape. Killer whales are big in size and are known for their dynamism in the water. They have a good aerodynamic body as well. These show similarity to the PDS of proposed new design of intercity bus. Hence, the exterior of the bus was designed with the concept of robust appearance of a killer whale. Rear view mirror elimination 9
Fig. 8 New bus concept design
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Boat tailing 11
Roof end lowering Maroon colour was selected for the exterior as it truly expresses the adventure theme. The windshield is curved and angled. Front area is curved to improve the flow in that area which is derived from killer whale face. Front corner radii were kept more than 150 mm, roof tapering, roof end lowering, side panel tapering and boat tailing also incorporated. Interior of the bus was designed for transporting 30 passengers, one driver and his assistant. Coats for sleeping were arranged on each side of the gangway of width 600 mm. Each side was having two rows of beds stacked on another. A comfortable gap of 600 mm was kept between coats. On the left side of the gangway two beds were arranged and right side single bed was arranged. Beads were made foldable so that it will converts as temporary seats if the passenger wants to sit. Interiors were made up of wood finish materials to induce the feeling of being at home bed.
Each cabin was equipped with individual bed lamps and fall protection guide rails. A minimum of 1800 mm roof height was maintained throughout the gangway. The luggage space was incorporated below the cabins in the middle of the bus with a capacity of 4914 L.
A model of the cabin structure was prepared in cardboard and other real type material for the bed and other interiors. A survey was conducted among the users of the intercity bus to understand the acceptance level of the new design. They were shown this prepared model of the cabin and were appraised about the new design of low chassis. Majority of the users were found to be happy with the new design as the problems listed by them are solved in the new design. People were found to be excited with the low floor bus design and the toilet system inside which was not present in the existing intercity bus. These added features found to attract older people as they found it difficult to board the existing bus. Incorporation of the toilet system was appreciated by the users as many of them ignored the bus travel due to lack of sanitation in the existing design. 
AERODYNAMIC EVALUATION OF THE NEW DESIGN
The new bus design was analysed for its aerodynamic performance. Model was meshed using the same procedure explained in section 4. Fluid domain of 96 m x 12.75 m x 13 m was created around the vehicle. Area around the bus model was meshed with fine elements and coarse elements were used at the outer areas. 24,36,871 unstructured tetrahedral hybrid elements were used to mesh the fluid domain Fig 10. Grid independent study was carried out on this model also. It was found that a difference in 8,68,073 elements produced a change in C D value of 0.023 which was well within the acceptable limits. Similar numerical procedure was applied to the new design of the bus and the aerodynamic analysis was carried out.
Static pressure contours of the bus model at vehicle speed of 100 km/hr are shown in Fig 11. The plot shows considerable reduction in stagnation area in the front of the vehicle. The static pressure value also reduced compared to the baseline model (Fig. 5) . Static pressure plot at the rear end of the vehicle reveals an increase in pressure. The pressure difference between the front and the rear area was reduced which reduces the pressure drag acting on the body. The low pressure region behind the bus was seen spread across a wider area in the existing bus design ( Fig. 12 and 13) . The vortices formed behind the bus were also spread across the wide region. With the new design of the bus, the flow is attached leading to suppressed vortices formation at the rear and these vortices were seen moved towards ground. This change in the aerodynamic characteristics is due to the effect of roof tapering, roof lowering, boat tailing and diffuser at the rear. The cornered radii in the front, inclined and rounded wind screen, and elimination of the rear view mirror resulted attached flow right from the front of the vehicle. It was proposed in the current design that new technology of closed circuit TV with cameras placed at the rear and sides and the display screen in the driver cabin would replace the rear view mirror. This arrangement would give wider coverage with minimised blind spots when compared to the rear view mirror. The coefficient of drag value of the new design is found to be 0.296 at 100 kmph which is 44 % improvement compared to the baseline model. Use of low floor bus chassis led to the height reduction of bus from 3.4 m to 2.6 m which reduced the projected area to 6.75 m 2 . Figure 14 shows the comparison of drag force acting on the base line model and the new design at different vehicle speeds. Clear decrease in the drag force is visible in the analysis and the total drag force is reduced from 2411 N to 955 N at 100 kmph (Fig. 14) . This is an improvement of 60.39 %.
CONCLUSION
A detailed investigation of the existing intercity bus in the field of styling and aerodynamics was carried out. The results of these investigations were used to come up with an aerodynamically efficient user friendly intercity bus design. The flowing conclusions are drawn from the studies.
• The present high floor sleeper coach was modified to a low floor version with substantially reduced aerodynamic drag.
•
The drag coefficient of 0.53 of present bus was found to be reduced to 0.29 in the modified design at 100 kmph.
The exterior was redesigned giving emphasis to both aerodynamics and aesthetics.
The interior was also modified to improve the comfort of the commuters.
The proposed concept was well received by the commuters.
This work uniquely proves the possibility of refining of the exteriors of a bus for simultaneous improvement in aerodynamics and aesthetics from the point of view of product design.
